Summary This study was carried out to examine first, the validity of a new dietary assessment method, a handheld personal digital assistant with camera and mobile phone card (Wellnavi), in comparison with a weighed diet record as a reference method and second, the relation between obesity and underreporting in the Wellnavi method in 27 men and 48 women volunteers aged 30-67 y from the general population. On the validity, there were significant correlations (0.32-0.75) between the daily nutrient intakes measured by the Wellnavi method and the weighed diet record method in all the subjects except for some nutrients such as iron, magnesium and vitamin E. Results similar to those from the group of all the subjects were obtained in the men's group and the women's group. In all the subjects and the men's group and the women's group, the differences in the daily nutrient intakes between the two dietary assessment methods were statistically significant. However, good agreement of the differences between the two dietary assessment methods for many daily nutrient intakes was obtained in the nonobese men. The nutrient intakes estimated by the Wellnavi method in all the subjects and the men's group and the women's group were significantly lower than those values estimated by the weighed diet record method except for some nutrients such as sodium, iron and fat-soluble vitamins. With respect to the relation between obesity and underreporting, the obesity in women was not a factor of underreporting in the Wellnavi method, but the presence of this relation was undeniable in the obese men. The reason why the values of daily nutrient intakes in the Wellnavi method were lower than those estimated by the weighed diet record method seemed to be the low quality of the digital photo of the Wellnavi instrument. By improving the digital photo quality of this instrument, the Wellnavi method could become a useful new dietary assessment method to get accurate dietary information from people of a wide range of age and occupation, and a wide variety of physical situations of subjects from the general population. Key Words dietary survey, mobile phone card, weighed diet record method, validity, general population It has been clarified in several nutritional epidemiologic studies that there is a close relationship between daily nutrient intakes and lifestyle-related disorders ( 1 ). The dietary assessment method is indispensable in order to survey accurately daily nutrient intakes of a target population attending nutrition counseling. It is also for the sake of prevention of lifestyle-related disorders and for the development of research in nutrition science. The 24-h dietary recall, weighed diet record and food frequency questionnaires (FFQ) are widely used for the collection of dietary information on names of foods and amounts consumed by an individual ( 2 ). The accuracy of the daily nutrient intakes obtained from the 24-h dietary recall method is dependent on the ability of interviewer and the respondents' memory.
It has been clarified in several nutritional epidemiologic studies that there is a close relationship between daily nutrient intakes and lifestyle-related disorders ( 1 ) . The dietary assessment method is indispensable in order to survey accurately daily nutrient intakes of a target population attending nutrition counseling. It is also for the sake of prevention of lifestyle-related disorders and for the development of research in nutrition science. The 24-h dietary recall, weighed diet record and food frequency questionnaires (FFQ) are widely used for the collection of dietary information on names of foods and amounts consumed by an individual ( 2 ) . The accuracy of the daily nutrient intakes obtained from the 24-h dietary recall method is dependent on the ability of interviewer and the respondents' memory.
As the weighed diet record method provides comparatively accurate information on the quantity of the foods consumed during the investigation period, this record method is mainly used as an evaluation criterion for other dietary assessment methods such as FFQ ( 3 ). However, it costs a lot to carry out this record method, and the burden on the subjects is significant. Moreover, this record method does not provide information reflecting eating habits and can not be applied in large-scale nutritional epidemiological studies ( 2 ) . Against this record method, the FFQ is comparatively inexpensive to carry out, the data processing is easy, application to large-scale nutritional epidemiologic studies is possible, and dietary information reflecting the eating habits of the subject is obtained. The FFQ is used frequently for dietary surveys ( 2 ) . However, the FFQ does not supply precise information on diet intake. On the other hand, it E-mail: kikunaga@post.ndsu.ac.jp was reported that misreporting of daily food intakes in both the 24-h recall and weighed diet record methods has been observed in both men and women and among subjects of a wide range of age ( 4 -6 ) . It is known that obesity is a factor in the underreporting of usual food intake ( 4 , 7 -12 ) . For dietary assessment methods used at present, it has been indicated that there is a problem in the accuracy of daily food intake reported by the subject. The development of a new dietary assessment method which evaluates accurately daily nutrient intakes of the subject is desired ( 13 ) .
Using college women who majored in food and nutrition as subjects, Wang et al. compared the daily nutrient intakes estimated by the Wellnavi method with those from the weighed diet record method, and reported that the validity and reliability of the Wellnavi method for dietary assessment were extremely high. The Wellnavi method is a useful method to measure individual dietary intakes for a variety of nutrients in an epidemiologic study ( 14 ) . Using the Wellnavi instrument, the subjects take digital photos of foods and drink before and after their meal, and send these digital photos to the dietician electronically for estimation of the daily nutrient intakes. Then the list of daily nutrient intakes estimated from the digital photos by the dietician is electronically transmitted to the subject ( 14 ) . The purpose of this study was to examine the validity of the daily nutrient intakes obtained from the Wellnavi method in the subjects from a general population in comparison with those estimated by the weighed diet record method. In addition, whether obesity became a factor of underreporting of usual food intake estimated by the Wellnavi method was examined by comparing it with the daily energy intake estimated from the weighed diet record method and the daily energy expenditure calculated from a motion and time study.
SUBJECTS AND METHODS

Subjects.
For the subjects of this study, we recruited male and female volunteers aged 30 to 70 y though an advertisement sponsored by the Foundation of Yakagecho Health Administration Center. The subjects who participated in this study were 75 healthy adult volunteers (27 men and 48 women aged 30-67 y) from Yakage-cho in Okayama Prefecture, Japan. They were 17 nonobese men and 10 obese men, and 26 nonobese women and 22 obese women. The physiological characteristics of the subjects are shown in Table 1 . The height and body weight of the subjects were measured just before beginning this study. The subjects were, on average, 48.8 y of age, 160 cm in height, 62.2 kg in weight and 24.2 in BMI. The men subjects were, on average, 44.3 y of age, 170 cm in height, 69.9 kg in weight and 24.2 in BMI. The women subjects were, on average, 51.4 y of age, 155 cm in height, 57.9 kg in weight and 24.3 in BMI. The body weight and BMI of the obese of men and women were significantly higher than those in the nonobese of men and women. When conducting this study, we supplied both oral and written information to the subjects about the nature and purpose of this study, and allowed them to leave this study if they wished and to keep personal information obtained through the survey. A signed informed consent was obtained from the all subjects participating in this study. The ethical committee of Okayama University approved the protocol of this study.
Dietary assessment. Dietary assessment was conducted in all the subjects using both the Wellnavi instrument (Matsushita Electric Works, Ltd, Japan) and the weighed diet record method during 5 consecutive day periods from the end of January to early February 2002. These two dietary assessment methods were applied to the same meal of the subjects during the same period as the dietary survey. The Wellnavi instrument consisted of three parts: a camera which produces a photo of the meal; a display on which to write the names of the ingredients of the dishes in the digital photo of the meal using a stylus (an attachment of the instrument) or to show the nutrient intakes of the subject calculated by the dietician; and a mobile phone card attachment which transmits the digital photo and receives the calculated nutrient intakes electronically. It was reported that the quality of the information on daily nutrient intakes estimated by Wellnavi depends on the angle position of this instrument while taking a digital photo of the meal, and the correct use of this instrument was described amply in a previous report ( 14 ) . It was confirmed that the subjects could use this instrument adequately before starting the dietary survey. The weighed diet record method was carried out to estimate the daily nutrient intakes of the subjects once they understood the measuring method of gram weight of foods, beverages and seasonings such as salt and soy sauce, and had practiced filling out the record paper. The daily nutrient intake of the subjects was calculated by the use of nutritional value calculation software (health make win. ver. 2.1, Health Make System Laboratory, Yokohama) produced on the basis of the fifth edition of Standard Tables of Food Composition in Japan ( 15 ) . To calculate the daily nutrient intake of the subjects, the intake of each nutrient obtained for 5 d was averaged.
Validity study. To evaluate the validity of the Wellnavi instrument, the daily nutrient intakes of the subjects obtained from this instrument were compared with those of the weighed diet record as a reference method. The correlation and significance between the daily nutrient intakes estimated from these two dietary assessment methods were examined.
Relation between obesity and underreporting in the Wellnavi instrument. The subjects were divided into a non-obesity group of under BMI 25 and an obesity group of over BMI 25 ( 16 ) . The relation between the obesity and underreporting in the Wellnavi instrument was examined in comparison with the daily nutrient intakes estimated by the weighed diet record method between the nonobese men and obese men, and nonobese women and obese women. In addition, the daily energy intake estimated by the weighed diet record method was compared with 1-d energy expenditure obtained from a motion and time study between the nonobese men and obese men, and nonobese women and obese women. For this purpose, some subjects who volunteered to estimate energy expenditure were asked to complete a 5-min-interval activity diary for 3 d. Oneday energy expenditure was calculated by the motion and time study for the 19 men (13 nonobese and 6 obese) and 18 women (10 nonobese and 8 obese) who completed a 5-min-interval activity diary for the last 3 d during the same period as the dietary survey. Their 24-h energy expenditure was compared with the daily energy intake obtained by the weight diet record method conducted during the same period.
The motion and time study. It is known that energy expenditure and energy intake are equal under conditions of stable body weight and composition ( 17 ) . To confirm the accuracy of the weight diet record method in comparison with the motion and time study instead of the doubly labeled water technique as a criterion method ( 18 ) , the motion and time study was carried out to calculate 1-d energy expenditure of the subjects, and then the results from the motion and time study were compared with the daily energy intake obtained from the weight diet record method. The subjects who participated in the estimation of total energy expenditure kept an activity diary over the last 3 d during survey period when the dietary survey was conducted by the use of the Wellnavi instrument and by application of the weighed diet record method. The activity diary questionnaire consisted of the tables of time with the blanks to fill in the nature and the time of the each activity. The table of time divided 24-h into 5-min intervals. Participants were instructed how to record the nature of each activity in the activity diary questionnaire, using a completed sample as a model. This model and the classification table of activities were given to the subjects to facilitate keeping the activity diary. They drew a line at the end of one activity under the corresponding indicator of time and filled the number of each activity chosen from the classification table into the blanks. Then, the activity diary questionnaires were collected and checked for omission of recording. The data from the activity diary were converted into energy expenditure by software (health make win. ver. 2.1, Health Make System Laboratory) produced on the basis of the activity factor ( 19 ) . One-day energy expenditure of the subjects was calculated by averaging the values obtained for 3 d.
Statistic analysis. Values in the tables are shown as mean Ϯ SD. All analyses were performed by the use of a computer program (Excel ver. 5.0). The correlation coefficient between the nutrient intakes obtained from the Wellnavi method and the weighed diet record method was calculated by Spearman rank correlation. The significant difference and significant correlation coefficient of the results obtained from the Wellnavi method and the weighed diet record method, and the significant difference between the weighed diet record method and the motion and time study were assessed using the paired t test.
RESULTS
Comparison of two dietary assessment methods
The difference and the correlation coefficient of the estimated daily nutrient intakes in all the subjects between two dietary assessment methods are shown in Table 2 . The Wellnavi method gave significantly lower values for the daily nutrient intakes in all the subjects than those obtained by the weighed diet record method, except for sodium, iron, retinol equivalents, vitamins D, E, K and B 12 , cholesterol and salt. There were significant correlation coefficients between the daily nutrient intakes estimated by the Wellnavi method and the weighed diet record method, except for iron, manganese and vitamin D. The correlation coefficients between the daily nutrient intakes estimated from these two dietary assessment methods were from 0.304 for folacin to 0.776 for vitamin D.
The difference and the correlation coefficient of the estimated daily nutrient intakes in the men and women between the two dietary assessment methods are shown in Table 3 . The differences and the correlation coefficients between the two dietary assessment methods are similar to those in all the subjects obtained in both men and women (Table 2) .
Relationship between obesity and underreporting in the Wellnavi method
The difference and the correlation coefficient of the estimated daily nutrient intakes in nonobese and obese men between the two dietary assessment methods are shown in Table 4 . There were significant correlation coefficients in many daily nutrient intakes in the nonobese men between the two dietary assessment methods, but not in obese men. No significant differences in most daily nutrient intakes estimated between the two dietary assessment methods were observed in the nonobese and obese men. On the other hand, the significant correlation coefficient between the two dietary assessment methods for many daily nutrient intakes was obtained in the nonobese men, but not in the obese men.
The difference and the correlation coefficient of the estimated daily nutrient intakes in the nonobese and obese women between the two dietary assessment methods are shown in Table 5 . Between the two dietary assessment methods, approximately similar results for the difference and the correlation coefficient in the estimated daily nutrient intakes of the nonobese and obese women to those in all the subjects (Table 2) were obtained.
Relationship between the daily energy intake and the daily energy expenditure
The comparison of the daily energy intake from the weighed diet record method with the daily energy expenditure from the motion and time study in the nonobese and obese of men or women is shown in Table 6 . No significant differences between the daily energy intake from the diet record method and the daily energy expenditure from the motion and time study were observed in either nonobese or obese men or women. There was also no significant difference in the values of daily energy intake and daily energy expenditure between nonobese and obese men or women.
DISCUSSION
The present study evaluated the validity of a handheld personal digital assistant with a camera and mobile phone card, Wellnavi, in order to assess the dietary intake of individuals from a general population. For this purpose, the result obtained from the Wellnavi method was compared with that from the weight diet record as a reference method. In addition, the association between obesity and underreporting in the Wellnavi method was examined in comparison with the results from both the weighed diet record method, and the motion and time study. In this study, it was clear that the Wellnavi instrument is a useful new dietary assessment method to get accurate dietary information on the subjects from a general population. Further, obesity in women was not a factor in underreporting in the Wellnavi method, but the presence of this relation was undeniable in the obese men.
All the dietary assessment methods used to assess self-reported daily dietary intake have had several problems in terms of the accuracy of the measurement result (20) (21) (22) . The accuracy of dietary assessment methods for estimating daily dietary intakes in a target population is gathering large interest from dietitians, nutritional research scientists and other health professionals. The validity and reliability of the Wellnavi method were confirmed in the previous study with college students majoring in food and nutrition. This method can provide good measurement results of usual dietary intakes (14) . The system of the dietary assessment and intervention approach to subjects by the Wellnavi instrument has been described sufficiently in a previous report (14) .
Significant correlation coefficients between the many daily nutrient intakes estimated by the Wellnavi method and the weighed diet record method were obtained in all the subjects (Table 2) , and in the male subjects and female subjects ( Table 3 ). The correlation coefficients between the dietary nutrient intakes estimated by these two dietary assessment methods ranged from 0.340 for folacin to 0.776 for vitamin D in all the subjects (Table  2) , from 0.408 for salt to 0.833 for cholesterol in male subjects and from 0.310 for magnesium to 0.802 for vitamin D in female subjects (Table 3) . However, the estimated the daily nutrient intakes by the Wellnavi method were significantly lower in all subjects, male subjects and female subjects than those obtained from the weighed diet record method. The Wellnavi method is an instrument to send electronically the nutrient intakes calculated based on a digital photo of their meal by the dietician to them. In order to accurately estimate for the portion size of the consumed foods in the digital photo, it is necessary that the digital photo of the meal be taken by the Wellnavi instrument held at an angle of 45 degrees to the meal (14) . In this study, most of the subjects were not taking the photo of their meal at an angle of 45 degrees. This fact was regarded as one of the reasons that the dietician could not accurately judge the amounts of the consumed foods. The Wellnavi instrument has a function to help dieticians understand what food the subject has consumed by the subject's writing down with a stylus the food names on the display. Moreover, because many subjects in this study did not use this function, from the electronically transmitted digital photo alone, the dietitian could not estimate the food name or the amount of foods such as omelets, hamburger steaks, fries, curry and rice, croquettes and stew. Traditional Japanese foods such as miso soup, miso soup with pork and vegetables, rice cakes boiled with vegetables, rice and vegetable porridge and onepot meals were often eaten by the subjects, because the diet survey was carried out in the winter. Because some ingredients in these dishes are not observable, it is not possible to visually identify the ingredients constituting these dishes. The nutrient intakes from these dishes can't be calculated for dietary assessment. In order to estimate more accurately the portion size of the consumed foods, this instrument should have a touch-screen function list of popular food items with various portion sizes from which the subject can choose. Since the quality of the digital photo from the Wellnavi instrument was not good, it is difficult to discriminate between burdock and meat, cheese and pickled radish, and seaweed and green vegetables. The quality of the digital photo by the Wellnavi instrument should be improved in order to facilitate the discrimination of the foods in the dishes.
On the other hand, it is known that the underreporting of energy intake has been observed in obese people (7) (8) (9) (10) (11) (12) , women (4, 10, 12, 23) , older men and women (24) and relatively lean Japanese females (25) . However, in this study, obesity in women was not a factor in the underreporting of dietary intake estimated with the Wellnavi instrument, but the presence of this relation was undeniable in the obese men (Tables 4 and 5) . Some investigators have reported that with the help of the digital photography estimation method they can directly observe food intake and plate waste, and can avoid small overestimates and underestimates (26) (27) (28) . The Wellnavi method is a kind of digital photography estimation method. To write down the food name on the screen of this instrument can be the part of the function of the diet record method. In short, these two functions of this instrument may be preventing measurement errors in dietary intake.
At present, the mobile phone with photograph function is popularly used in the society and many people over a wide range of age use this function daily. In short, the Wellnavi instrument is the same kind of system as the mobile phone. The Wellnavi method is suitable for a long-term dietary survey, because the burden to the participants is not significantly heavy. Therefore, it can be expected that this method will make exciting progress as a new dietary assessment method for the IT age.
